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ABSTRACT 

A s e r i e s  of h igh  p r e c i s i o n  measurements of the  solar 

These measurements 
d i s c  were performed i n  t h e  summer of 190'6 by Pz.of'eSsor R.H. Dicke 
and c o l l a b o r a t o r s  a t  P r i n c e t o n  U n i v e r s i t y .  
i n d i c a t e  tha t  t h e  e q u a t o r i a l  r a d i u s  of t he  s u n ' s  photosphere  
subtends  48 ,+ 7 m i l l i s e c  of a r c  more t h a n  i t s  p o l a r  r a d i u s .  

Dicke c l a ims  t h a t  the magnitude of t h e  s o l a r  mass 
o b l a t e n e s s ,  which i s  i n f e r r e d  from h i s  o p t i c a l  measurements, i s  
such tha t  t h e r e  i s  an apparent  d i sc repancy  of 8% between observa-  
t i o n  and t h e  modified E i n s t e i n  p r e d i c t i o n  f o r  the motion of t h e  
p e r i h e l i o n  of Mercury. 

t hen  t h e  p h o t o e l e c t r i c  d e t e c t i o n  t echq iques ,  which were used i n  
t h i s  ear th-based  experiment ,  may be s i n g u l a r l y  s i g n i f i c a n t  i n  
e s t a b l i s h i n g  t h e  r e l a t i v e  merit of e a r t h - s a t e l l i t e - b a s e d  v e r s u s  
ear th-based  t e l e s c o p e  p l a t f o r m s  f o r  performing t h i s  and p o s s i b l y  
r e l a t e d  exper iments .  

I f  the s t a t e d  accuracy of t h e s e  measurements i s  confirmed, 

. 

i 

It i s  noted t h a t  a zero-drag a r t i f i c i a l  s a t e l l i t e  I i n  
an e longated  o r b i t  a round the  sun cou ld  i n  p r i n c i p l e  make a more 
d i r e c t  measurement of  a s o l a r  mass quadrupole  moment, i f  t h e  
s a t e l l i t e  could be t r a c k e d  with s u f f i c i e n t  accuracy  i n  t he  
v i c i n i t y  of t h e  sun. 
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EMORANDUM FOR FILE 

P r e s e n t a t i o n s  of t he  P r i n c e t o n  Measurements and i n t e r -  
p r e t a t i o n s  of t h e  s o l a r  o b l a t e n e s s  were made by P r o f e s s o r  R.H.DicKe 
a t  The H e l a t i v i s t i c  A s t r o s h y s i c s  Symposium on Janua ry  27, 1967, 
and a t  The Annual Richtmyer Lec tu re  of t h e  American P h y s i c a l  S o c i e t y  
on Janua ry  31, 1967. 
p i c e s  of The American P h y s i c a l  S o c i e t y  and  were he ld  i n  N e w  Yor 
C i t y .  An account  of t h i s  work h a s  been subsequen t ly  p u b l i s h e d .  

Both l e c t u r e s  were o rgan ized  under  t h e  aus- 

b 1 
The pr imary  d a t a  p r e s e n t e d  by P r o f e s s o r  Dicke a r e  sum- 

mar ized  i n  t h e  f o l l o w i n g  e q u a t i o n  

5 A r  - = (5.0 k 0.7)  x 10- , 
r 

where r i s  t h e  e q u a t o r i a l  r a d i u s  and  ar is  t h e  d i f f e r e n c e  between 
t h e  e q u a t o r i a l  and p o l a r  r a d i i ,  ( i . e . ,  t h e  sun  i s  symmetr ica l ly  
f l a t t e n e d  a t  t h e  p o l e s  of i t s  r o t a t i o n  a x i s ) .  T h i s  r e s u l t  was 
o b t a i n e d  w i t h  a s p e c i a l l y  designed t e l e s c o p e  employing q u a r t z  
m i r r o r s .  ( 8 )  
t o  a new p o s i t i o n  and a n  independent  measurement was made eve ry  
minute .  The image of t h e  sun was focused on a symmet r i ca l ly  p l a c e d  
c i r c u l a r  o c c u l t i n g  d i s c  which sc reened  o u t  a l l  l i g h t  excep t  t h a t  
f rom t h e  s o l a r  r i m .  T h i s  l i g h t  was t h e n  e f f e c t i v e l y  i n t e n s i t  
modulated ( a s  a f u n c t i o n  of  t he  n o n s p h e r i c a l  shape of t h e  sun7 by 
s u b s e q u e n t l y  masking it w i t h  a wel l  c e n t e r e d  r o t a t i  i n  
which two d i a m e t r i c a l l y  l o c a t e d  a p e r t u r e s  were c u t .  
m i t t e d  l i g h t  was monitored wi th  a p h o t o e l e c t r i c  d e t e c t i o n  system 
a n d  i t s  i n t e n s i t y  was c o r r e l a t e d  w i t h  t h e  phase  a n g l e  of t h e  r o t a -  
t i n g  d i s c .  Numerous measurements of i n t e n s i t y  v e r s u s  phase a n g l e  
were made o v e r  r e l a t i v e l y  s h o r t  t ime i n t e r v a l s  i n  o r d e r  t o  ave rage  
o u t  a tmosphe r i c  d i s t o r t i o n s .  

r e s p e c t  t o  i t s  o r b i t a l  p lane ,  t h e  s o l a r  r o t a t i o n  a x i s  (which i s  
t i l t e d  a t  7' w i t h  r e s p e c t  t o  t h e  E a r t h ' s  o r b i t a l  p l a n e )  a p p e a r s  t o  
s h i f t  a s  t h e  E a r t h  moves about  t h e  sun .  An impor t an t  s e l f  c o n s i s t -  
ency check of  D i c k e ' s  d a t a  was t h a t  i t  was s e n s i t i v e  ( w i t h  a n  
a c c u r a c y  of 2') t o  t h i s  s h i f t  i n  viewing a n g l e  of t h e  s o l a r  a x i s  
a s  s e e n  from t h e  E a r t h .  

The t e l e s c o p e  was r o t a t e d  abou t  i t s  a x i s  of symmetry 

'$7 ' The t r a n s -  

Due t o  t h e  23.5' t i l t  of  t h e  E a r t h ' s  r o t a t i o n  a x i s  w i t h  
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I n  o r d e r  t o  r e l a t e  t h e  observed o b l a t e n e s s  i n  t h e  
l u m i n o s i t y  of  t h e  s o l a r  d i s c  t o  a m a n  o b l a t e n e s s ,  it was neces-  
s a r y  t o  assume t h a t  t h e r e  a r e  n o  aDDreciable s h e a r  s t ress ' es  i n  t h e  
observed  p o r t i o n  of t h e  s u n ' s  photbsphere,  and t h a t  e q u i l i b r i u m  
c o n d i t i o n s  a r e  such t h a t  s u r f a c e s  i n  tempera ture  e q u i l i b r i u m  c o i n c i d e  
w i t h  t h e  e q u i p o t e n t i a l  s u r f a c e s  a s s o c i a t e d  wi th  t h e  g r a v i t a t i o n a l  
f i e l d ( * ) .  T h i s  i s  a c r u c i a l  s e t  of assumptions,  and a l though  
p l a u s i b l e ,  t h e y  a r e  d i f f i c u l t  t o  s u b s t a n t i a t e  q u a n t i t a t i v e l y .  
P r o f e s s o r  Dicke f e e l s  t h a t  a more d i r e c t  measurement o t h e  s u n ' s  
g r a v i t a t i o n a l  f i e l d  would be f e a s i b l e  i f  a zero-drag  (37 a r t i f i c i a l  
s a t e l l i t e  could be  a c c u r a t e l y  t r a c k e d  i n  t h e  v i c i n i t y  of t h e  sun .  

Two p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  i n f e r r e d  s o l a r  mass 
quadrupole  moment were p r e s e n t e d  by P r o f e s s o r  Dicke. He f e e l s  
t h a t  a p o s s i b l e  b u t  r a t h e r  imp laus ib l e  e x p l a n a t i o n  is  t h a t  deep ly  
b u r i e d  and very  s t r o n g  magnetic f i e l d s  e x i s t  i n s i d e  t h e  sun .  H i s  
p r e f e r r e d  e x p l a n a t i o n  i s  t h a t  t h e  co re  of t h e  sun i s  r o t a t i n g  a t  
a r a t e  of about  1 r e v o l u t i o n  eve ry  1.8 days .  The s lower  r o t a t i o n  
r a t e  of t h e  o u t e r  s o l a r  atmosphere ( e . g . ,  t h e  observed r o t a t i o n  
p e r i o d  v a r i e s  from 25.4 days a t  t h e  e q u a t o r  t o  33 days a t  75' (Nor th  
o r  Sou th )  
e x t e r n a l  b r a k i n g  to rque  produced by t h e  s o l a r  wind, which i s  est ima-  
t e d  by Dicke t o  be-5  x lo2' dyne-cm/steradian a t  t h e  s o l a r  e q u a t o r .  

l a t i t u d e  (4)) can be r a t i o n a l i z e d  by c o n s i d e r i n g  t h e  

When t h e  deduced mass quadrupole moment ( i n f e r r e d  from 
t h i s  measurement) is used t o  c a l c u l a t e  t h e  motion of Mercury ' s  o r b i t  
( u s i n g  Newtonian mechanics) ,  it is  found t h a t  t h e  anomalous s h l f t  i n  
t h e  p e r i h e l i o n  of Mercury i s  reduced from 43.11 f 0.45 s e c  of a r c  
p e r  c e n t u r y ( 5 )  to 39.6 s e e  o f  a r c  p e r  cen tu ry .  Diclce c la ims  t h a t  
t h e  o r i g i n a l  t e n s o r  fo rmula t ion  of E i n s t e i n ' s  Theory can no l o n g e r  
accoun t  for t h i s  reduced e f f e c t  and t h a t  a s c a l a r  te rm should  be  
added t o  t h e  g r a v i t a t i o n a l  f i e l d  e q u a t i o n s  ( a s  i n  t h e  Brans-Dicke 
Theory( ')) .  T h i s  s c a l a r  term h a s  t h e  e f f e c t  of changing t h e  uni-  
v e r s a l  g r a v i t a t i o n a l  ' c o n s t a n t  t i n t o  a vyy iab le  q u a n t i t y  which 
d e c r e a s e s  a t  a r a t e  of a few p a r t s  i n  10 p e r  yea r .  It is  p o s s i b l e  
t o  r a t i o n a l i z e  some g e o l o g i c a l  and cosmological  ev idence  t o  s u p p o r t  
t h i s  h y p o t h e s i s ( 7 ) ,  b u t  t h e  p r e s e n t  s t a t u s  of t h i s  ev idence  i s  
p a t e n t l y  inconc lus ive .  

a r e su rgence  of i n t e r e s t  i n  t h e  s c i e n t i f i c  community t o  make o t h e r  
p r e c i s i o n  checks of E i n s t e i n ' s  General  Theory of R e l a t i v i t y .  
Measurements from f u t u r e  space s t a t i o n s  may p l a y  a s i g n i f i c a n t  
r o l e  i n  t h i s  endeavor.  I n  t h i s  r e s p e c t ,  t h e  l o g i c a l  q u e s t i o n  f o r  
t h e  space  system eng inee r  i s  "How much a d d i t i o n a l  accu racy  could 
have been ob ta ined  i f  D i c k e ' s  experiment  had been performed above 
t h e  E a r t h ' s  atmosphere?' '  T h i s  a u t h o r  does no t  have enough d e t a i l e d  

A s  a r e s u l t  of t h i s  measurement t h e r e  w i l l  p robably  be  
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i n f o r m a t i o n  about  t h i s  experiment t o  g i v e  a p r e c i s e  answer t o  t h i s  
q u e s t i o n ;  however, !Professor Dicke d i d  stress h i s  b e l i e f  t h a t  
a tmosphe r i c  t u r b u l e n c e  was a d e q u a t e l y  averaged  over ,  a s  ev idenced  
by t h e  c o n s i s t e n c y  of h i s  d a t a .  He a l s o  n o t e d  t h a t  measurements 
were d i s c o n t i n u e d  when c o r r e c t i o n s  (due t o  i n c r e a s e d  a tmospher ic  
r e f r a c t i o n  of s u n l i g h t  f o r  low sun a n g l e s )  were comparable t o  
e f f e c t s  due t o  t h e  measured s o l a r  o b l a t e n e s s ( * ) .  A s  more informa- 
t i o n  becomes a v a i l a b l e ,  t h i s  experiment  should  be c a r e f u l l y  r e -  
e v a l u a t e d  i n  o r d e r  t o  a s s e s s  a c c u r a t e l y  t h e  s t a t u s  and f l e x i b i l i t y  
of  t h e  t e c h n i q u e s  which were used.  

1011-RWN- r p k  R. W. Newsome 
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